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S u m m a r y .  In b e n i g n  h y p e r p l a s i a  m a r k e d  f l - g l u c u r o n i d a s e  and  N - a c e t y l -  fi- g l u c o s a m i n i d a s e  a c t i v i t y  
w a s  s e e n  in the  p r o s t a t i c  e p i t h e l i u m  w h e r e a s  the  r e a c t i o n s  f o r  5 o t h e r  g l y c o s i d a s e s  w e r e  on ly  s l i g h t  
o r  n e g a t i v e .  The  i n t e n s i t y  of  the  r e a c t i o n  f o r  the  g l y c o s i d a s e s  in p r o s t a t i c  c a r c i n o m a  w a s  d e p e n d e n t  
upon  the  d e g r e e  of  the  d i f f e r e n t i a t i o n .  The  p o s s i b l e  i m p o r t a n c e  of g l y c o s i d a s e s  f o r  the  i n v a s i v e n e s s  of 
p r o s t a t i c  c a r c i n o m a  is  b r i e f l y  d i s c u s s e d .  
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In the  w e s t e r n  w o r l d  p r o s t a t i c  c a r c i n o m a  i s  
one of  the  m o s t  f r e q u e n t  t y p e s  of c a n c e r  in  
m e n  a f t e r  the  age  of 50. A f t e r  c a n c e r  of  the  
lung  and  s t o m a c h  it  i s  the  t h i r d  m o s t  f r e q u e n t  
of a l l  m a l i g n a n t  n e o p l a s m s  in t h i s  age  g r o u p  
(15). 

An important measurement in the diagnosis of 
prostatic carcinoma is the determination of 
serum phosphatases. The diagnosis of prostatic 
carcinoma may be considered almost definite 
where there is a significant increase in 
tartrate labile acid phosphatase. 

It is therefore surprising that the histo- 
chemical activity of acid phosphatase in 
prostatic carcinoma tissue is less than in 
normal prostate (i, 5, i0). The increase in 
serum phosphatase levels could be explained 
either by the presence of metastases pro- 
ducing acid phosphatase or by the loss of 
polarity in the prostatic cells as a result of 
malignant dedifferentiation. Thus, contrary 
to normal, the acid phosphatase is not secreted 
into the lumina of the acini but passes into the 
surrounding stroma and enters the bloodstream 
(i0). 

Distinct changes in activity in other 
hydrolases, such as leueylamino-peptidase and 

fl - g l u c u r o n i d a s e  c a n  a l s o  be  o b s e r v e d  in 
p r o s t a t i c  c a r c i n o m a  (5, 10). W h e r e a s  a r e d u c -  
t i on  in  the  a c t i v i t y  of  l e u c y l a m i n o - p e p t i d a s e  
c a n  be  o b s e r v e d  in  the  v e r y  e a r l y  s t a g e s  of  
p r o s t a t i c  c a r c i n o m a ,  ~ - g l u c u r o n i d a s e  e x h i b i t s  
i n c r e a s e d  a c t i v i t y  in p r o s t a t i c  c a r c i n o m a ,  
a s  in  o t h e r  m a l i g n a n t  t u m o u r s  (5, 10). 

f l - g l u c u r o n i d a s e  i s  a m e m b e r  of t he  
g l y c o s i d a s e  g r o u p  fo r  w h i c h  h igh  v a l u e s  in 
the male accessory sex organs have been 
determined by biochemical methods (2). The 
prerequisite for a more detailed interpreta- 
tion of the function of these enzymes is their 
exact histological localisation. The aim of this 
paper is to carry out comparative histo- 
chemical examinations of the glycosidases 
in benign prostatic hyperplasia and prostatic 
carcinoma in order to determine the 
alterations in enzyme pattern which may occur 

in malignant turnouts. 

M A T E R I A L  AND M E T H O D S  

5 prostatic adenomas and 9 histologically 
proven prostatic carcinomas were examined. 
The material was obtained from suprapubic 
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Table 1 
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Enzyme Substrate Reference 

N- Acetyl- ~ - glucos- 
aminidase ( ~ - Nag) 

-Glucuronidase 
( }- Olu) 

}-Galactosidase 

(~-Oal) 

fl- Fucosidase 
( ~- Fuc) 

- Mannosidase 

( ~ - Man) 

-Galactosidase 

( ~-Gal) 

- Fucosidase 
(~-Fuc) 

Naphthol- AS- B I- N- Ac etyl- 
/~ - gluco s aminide 

Naphthol- AS-BI- 
glucuronide 

6-Brom- 2- Naphthyl- ~ - 
galactopyranoside 

4-C I- 5Br- 3- Indolyl- 
- ~-D- Fucoside 

i- Naphthyl- ~ - rnanno- 
pyranoside 

i- Naphthyl- ~ - galacto- 
pyranoside 

Hayashi, (7) 

Hayashi, (6) 

Rutenburg et al., 
(13) 

Lojda und 
Kraml (11) 

Gossrau, (3) 

Gossrau,  (3) 

i- Naphthyl- ~ - L- fuco- 
pyranoside Gossrau, (4) 

Specificity controls: Incubation of sections without substrate and of sections inactivated 

by heat treatment. 
Additional inhibition tests: Inhibition of ~-mannosidase with i00 mM mannonolactone (3) and 
of ~-glucuronidase with 100ram saccharolactone (3). 

prostatectomies and transurethral electro- 
resections. The samples were shock-frozen in 
liquid nitrogen immediately after removal. 
The presence of the various glycosidases listed 
in Table 1 was investigated on i0 ~m thick 
cryostat sections. The references for the 
methods used are detailed in Table I. 

RESULTS 

i. Benign Prostatic Hyperplasia (Prostatic 

Adenoma) 

On histochemical examination of N-Acetyl-#- 
glucosaminidase (E-Nag) a distinct granular 
reaction occurred in the high-columnar 
epithelium which lines the majority of the 
glandular acini, this reaction being slightly 
greater in the basal parts of the epithelial 
cells than in the remainder of the cytoplasm. 
The nuclei of the high-columnar cells situated 
in the basal third of the epithelium and the 
nuclei of the basal cells in the immediate 
neighbourhood of the basal membrane showed 
no reaction. Definite E-Nag activity was also 

observed in the cytoplasm of the flat isopris- 
matic epithelial cells of the enlarged cystic 
acini which occur in varying numbers amongst 
those appearing normal. Material with 
distinct E-Nag activity was present in the 
lumina of many acini. In the proliferated con- 
nective tissue the intensity of enzyme reac- 
tion was only weak. However, strongly E-Nag 
positive cells occurred sporadically in the 
stroma and these were probably macrophages. 

A similar pattern of activity and distribu- 
tion was also seen with~-Glucuronidase (~-Glu). 
The epithelium of the acini regularly showed 
a distinct granular reaction, ~-Glu positive 
secretions could be detected in the lumina 
and the proliferated connective tissue again 
showed only a weakly positive reaction. 

The ~-Galactosidase (~-Gal) test showed a 
reaction in the glandular epithelium which was 
in general weak and diffuse. Only the supra- 
nuclear cell area showed a distinctly positive 
reaction. The large #-Gal positive vacuoles 
occurring at the base of some acini are con- 
spicuous. The reaction of the secretions in the 
glandular lumina was fairly positive. The 
-Gal activity in the interstitium was weak. 
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Fig. i. Prostatic adenoma, 
N- aeetyl- ~, glucos aminidase, 
x 127.5 

Fig. 2. Prostatic adenoma, 
B-glucuronidase, x 127.5 

Fig. 3. Prostatic adenoma, 
B-galactosidase, x 127.5 

Fig. 4. Prostatic adenocarcino- 
ma, B-glucuronidase, x 127.5 

Fig. 5. Solid carcinoma of the 

prostate, N-acetyl- B- glucos- 
aminidase, x 127.5 

Fig. 6. Anaplastic carcinoma 
of the prostate, N-acetyl-B- 
glucosaminidase, x 127.5 

In the B-Fucosidase (B-Fuc) test only 
sporadic enzyme positive granules could be seen 
in the epithelium of the acini. 

The other glycosidases could not be de- 
tected in prostatic adenomatous tissue. 

2. Prostatic Carcinoma 

The prostatic carcinomas were classified 
according to Kastendieck and Alten~hr (9) into 

a) adenocarcinoma 
b) solid and/or cribriform carcinoma 
c) anaplastic carcinoma 

Adenocareinoma: In the B-Nag and B-Glu tests 
the epithelial cells of the generally small 
acini in the well-differentiated areas showed 
a distinct granular reaction and there was weak 
reaction to the B-Ga] test. ~-Fuc reaction 
was also weak and in some cases could not be 
detected by histochemical methods. In the 

stroma between the glandular acini a weak 
reaction was observed for B-Nag and B-GIu. 

Solid/Cribriform Carcinomas: In the compact 
cell aggregates of solid prostatic carcinomas 
only moderate granular reactions to the 

B-GIu and B-Nag enzyme tests were seen in 
large areas of the tumours. These findings 
are in striking contrast to the intense reaction 
observed in isolated cell groups lying between 
these tumour cells. In the solid/cribriform 
carcinoma a consistently weak reaction for 
B-Galwas observed, without the occurrence 
of any strong reaction in isolated cell groups. 
In theB-Fuc test, isolated enzyme positive 
granules occurred in the cytoplasm of the 
turnout cells. 

Anaplastic Carcinomas: In the cytoplasm of the 
tumour cells which penetrate between the 
stroma in the form of narrow cell cords high 
,3-Nag and B-GIu activity was demonstrated. 
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The B-Gal test was also highly positive in 
some cases. The ~-Fuc activity was weak. 
As in the case of the adenocarcinomas and 
solid/cribriforrn cancers it was impossible 

to detect any reaction for the other glycosidases 
tested. 

In the E-Nag and B-GIu tests there was a 
distinct reaction in the degenerating strorna in 
the areas adjacent to the turnout cells. 

DISC USSION 

In the histochemical B-GIu and B-Nag-tests it 
was possible to observe a distinct granular 
reaction in the epithelium of prostatic acini of 
patients with prostatic adenomas. The presence 
of numerous granular reaction products in the 
entire epithelium indicates that both enzymes 
are localized in the lysosornes and numerous 
secretory vacuoles of the well- differentiated 
epithelium cells. The activity and distribution 
of both glycosidases are therefore very similar 
to the conditions in the normal prostate (14). 
These findings and also the occurrence of 
enzyme positive matter in the glandular lumina 
indicate that the behaviour of secretory 
processes in prostatic adenornas is normal. 

In prostatic cancer the enzyme pattern 
was very different. We were not able to 
observe a general overall increase in the 
activity of B-GIu, as claimed by GySrkey (5). 
The intensity of the reaction was, indeed, 
distinctly dependent upon the degree of differ- 
entiation and upon the invasiveness of the in- 
dividual turnouts. The pattern of activity for 
well-differentiated adenocarcinornas was 
similar to that of the prostatic adenoma. In 
the case of solid/cribriform cancers we ob- 
served greatly differing reactions within the 
turnour areas. Cell groups showing extra- 
ordinarily strong reaction in the ~-Glu and 

-Nag-tests protrude from amongst the mass 
of turnout cells reacting more weakly. These 
cell groups are probably tumour cells with 
particularly high pro!iferative ability. 

In anaplastic cancers high activity of B-GIu 
and B-Nag was seen in the cell cords infiltrat- 
ing the strorna in all cases. In the tests for 

these two glycosidases a distinct granular 
reaction was also frequently observed in the 
adjacent degenerating strorna. It is possible 
that ~-Glu and B-Nag are of particular im- 
portance for the invasiveness of anaplastic 
prostatic cancers. Glycosidases are active in 
the metabolism of connective tissue ground 
substance (12). We suggest that due to the 
release of glycosidases from the anaplastic 
tumour cells there is depolymerisation of the 
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g r o u n d  s u b s t a n c e .  T h i s  p r o p o s i t i o n  i s  s u p -  
p o r t e d  by  the  e l e c t r o n  m i c r o s c o p e  e x a m i n a -  
t i o n s  c a r r i e d  out  b y  K a s t e n d i e c k  and A l t e n ~ h r  
(8, 9). T h e y  found  tha t  a n a p l a s t i c  t u m o u r  c e l l s  
c a r c i n o m a s  l o s t  the  p o l a r i t y  of  n o r m a l  
p r o s t a t i c  c e l l s  and  tha t  the  v a c u o l e s ,  w h i c h  
u n d e r  n o r m a l  c i r c u m s t a n c e s  s e c r e t e  in to  the  
g l a n d u l a r  l u m e n ,  w e r e  p a r t i c u l a r l y  n u m e r o u s  
in the  c y t o p l a s m  a d j a c e n t  to  the  s t r o m a .  The  
d a m a g e  to the  g r o u n d  s u b s t a n c e  c a u s e d  by  the 
r e l e a s e  of g l y c o s i d a s e s  f r o m  the  t u r n o u t  c e l l s  
c o u l d  l e a d  to i m p a i r m e n t  Of the  m e t a b o l i s m  
of the  s t r o r n a  c e l l s  and  to t h e i r  e n s u i n g  
d e g e n e r a t i o n .  The  l y s o s o r n a l  e n z y m e s  r e l e a s e d  
by  the  d e g e n e r a t i n g  c o n n e c t i v e  t i s s u e  c e l l s  
m a y  f u r t h e r  a c c e l e r a t e  the  d e g r a d a t i o n  of 
the  g r o u n d  s u b s t a n c e  and  f a c i l i t a t e  the  i n -  
v a s i o n  of  c a n c e r  c e l l s .  
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